09) mnmnmmMUA 

(43)SBR4*BBB 
2001 ^5 10 B (10.05.2001) 




PCT 



iiDiDiiiiiDiDiiiiiiinnn 

(io) a»&n«# 
WO 01/32220 Al 



(51) !)®*m#g T : A61K 48/00, 

38/22,9/127. A61P9/10, 3/10 



(21) SiStbEIS^: 

(22) SBSttiKB: 

(25) gR$ifcM<DSK: 

(26) BtS^KKOSS: 
(30) 

^H? 11/309984 



PCT/JPOQ/07502 
2000 * 10 £26 B (26.10.2000) 
B*S§ 
B*S 



1999 5i0 £29 B (29.10.1999) JP 

(71) UKA (#■*»< ±T0ttSBlzot*r;: > K 

V- > »\41t*M X >;M*3£tt (MEDGENE BIO- 
SCIENCE, INC.) [JP/JP]; T 560-0085 *EJfr**r1i± 
Sr B3 1 T S 24SC-1 I0l# Osaka (JP). 

(72) &E#;fcc*:tf 

(75) »E*/UEAr#BfcOl*Ta>*j: SIT*-(MOR- 
ISH1TA, Ryuichi) [JP/JP]; T532-0003 *EJfiF*HSr1wJt 
JIIESI52-1 1- 22-502 Osaka (JP). KJg&SI (OGIHARA, 
Toshio) [JP/JP]; t 562-0046 *BEftK®rrT#*H2-7-29 
Osaka (JP). 



(74) ft31 X: att 6S. #(ASAMURA, Kiyoshi ct al.) ; T 
100-0004 mJ5ttSS*ttfflB;*^»r2T B2SH* gf*^ 
Bltf;U331 Tokyo (JP). 

(81) *l£ B (Blfy: AE, AG, AL, AM, AT, AU, AZ, BA, BB, 
BG, BR, BY, BZ, CA, CH, CN, CR, CU, CZ, DE, DK, DM, 
DZ, EE, ES, Fl, GB, GD, GE, GH, GM, HR, HU, ID, 1L, 
IN, IS, JP, KE, KG, KR, KZ, LC, LK, LR, LS, LT, LU, LV, 
MA, MD, MG, MK, MN, MW, MX, MZ, NO, NZ, PL, FT, 
RO, RU, SD, SE, SG, SI, SK, SL, TJ, TM, TR, TT, TZ, UA, 
UG, US, UZ, VN, YU, ZA, ZW. 

(84) Jg5£B (OM): ARIPO fti* (GH, GM, KE, LS, MW, 
MZ, SD, SL, SZ, TZ, UG, ZW), l-r>7^ft (AM, 
AZ, BY, KG, KZ, MD, RU, TJ, TM), 3 — □ y /tftff 
(AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, IT, 
LU, MC, NL, PT, SE), OAPI ft* (BF, BJ, CF, CG, CI, 
CM, GA, GN, GW, ML, MR, NE, SN. TD, TG). 



(54) Title: GENE THERAPY FOR DIABETIC ISCHEMIC DISEASE 
(54) BBfttt*ilLttftftifte?»a 



^ (57) Abstract: Administration of an HGF (hepatocyte growth factor) gene to a diabetic ischemic site achieves effect of promoting 
the angiogenesis of the ischemic site with the depression caused by diabetes and thus causing recovery from an ischemic disease. 



O 



(57) mid-. 



WO 01/32220 



1 



PCT/JPOO/07502 
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5 

ffrliWMigfiSE^ (HGF) jt^^ffl^fi^-fS^iktt^S 

10 Hf*&« 

^ o— -i/^&^ftfc* W^KT-fcS (Biochem Biophys 

Res Co mm un, 122, 1450 (1984), Proc. Natl. 
Acad. Sci. USA, 83, 6489, (1986) , FEBS 
15 Letter, 22, 231 (1987), Nature, 342, 440 (1 
989), Proc. Natl. Acad. Sci. US A, 87, 3200 
(19 9 1) ) e *;©&©W*EJwJ:0 % HGFI2 i n v i v o iZ$$\,^Xlftft± 

20 tit (Symp. Soc. Exp. Biol. , 47cel 1 

behavior, 227-234 (1993), Proc. Natl. 
Acad. Sci., 90, 1937-1941 (1993), 
Circulation, 97, 381-390 (1 9 9 8) ) 5 -ft£t>h, V 
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<. m.<pmg&$$LWi-zzbtfmmvh*). tit. HGFtM^i^^f 

n^cO^4-O0iJ^^$HTV^ (Circulation. 97. 381-39 
0 (1 9 9 8) ) s zro«J:p/j!K^x/Mc^5#lIIRfe5VMi©^fi#{c < J: 

.M^ro^Tttoraii'bfetj, hgf 

«l£©Ji^bo^f£fcfc»K a/ro*«9ft^s/jr$4x-r^9, HGF«£^£ffl 

25 ^IttSlt!:*)^, 
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3 

(1) rasmitmHi 1 (hgf) u-c^r-rs, m 
10 m&AA&m&maM* 

(2) ±15 (l) offeaWJ, 

(3) ®ELffi&&!h&mBiK *8«ttTfidUi^ *«*tt*JfiLtt#ft 

**xi*Wf«j»tt'C.^«*-ca!>*, ±ia (1) xtt (2) ©f&awM, 

(4) *^?S^Jlii^.ft*s*»JP!ttTJft*J§itt!JIA"efe5, ±12 (3) ©f& 

15 mm, 

(5) ±15 (1) - (4) ©VvfftiOXD 

(6) HGF&&f-ifi±>?'( "t^Asx (hvj) - y #y—J*<DBmzh 

5, ±15 (1) ~ (5) OV^i"*t*»Of&**J, 

20 (7) ^n^c-c^tas^-rs^few, ±15 (i) - (6) ov>ma»® 

(8) HGFit^i: LT'>fc< £*>5 Om g&ffl^S* ±15 (1) - (7) 

(9) HGFlfifSrtH:IAt5;i:%^ »»*«4dEJktt«.ftof&* 

25 fe, 

(10) HGFae^SrdtiLSfMfe^a^-fi^ ±15 (9) Of&*fe, 

(id ttfm^ttriuiiitt«.ft*s, mfcm&TJ&&ta.&mB. 
mmmx\*mmffi&>bffi&mx-hz, ±e o) xi* tio) 

(12) ^Js^JnLtt^S^^^lttTK^ifiitt^ST'fcS, ±15 (ll) 
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4 

(13) HGFmte?z&.ihmiL<Dmft^&$--tz>. ±ie o) ~ (12) 

(14) HGFitfc^-try^V • "M^* (HVj) - ■) y-A<a7fcflgK 

5 fcs, ±e o) ^ (13) wrtifr<Dti$mm. 

(15) HGFmfc+Z&m^fcCXm%il®1Si J *-tZ, ±12 (9) ~ (14) 

(1 6) HGFlfifi: LX'JrtK khSOn g£&#1-5, ±12 (9) ~ 
(15) <D^-Ti\fr<nfemfe. 
10 (17) mmffi^fa.&£&fem%\<Dmm<DtL!b(DH G F il£^tf><£ffl , 

(is) m^mam.!k^mBt>K mmm&T®.&ik\$ii£&. mmmte&timt 

IKfXiJtMMltfcS, ±12 (17) tf>&E x 

(19) ^^^lfiLl±^m^^ttT^JfiH4^-m-C-fc2., ±12 (1 8) 

15 (20) HGFitfe^-fe^^ * tJ/l'X (HVJ) -y^y-A©« 

±12 (17) ~ (19) (D\,^-m%fr<D&m, 

(2 1) HGFl^i LT'>&< H50^ g ±12 (17) ~ 

(20) <D^-rtifr<Dmm c 

20 m l (i, ##0J 1 Wi^^©™ik7 y J:T>\ jE3?7 h (cTlifciJfa. 
ZMMLtz^y HP-/H$(Cfe(t5, Ik^ilcftlt^ (Perfusion ratio) <7>3IB# 
b £ ^ t tL ? 7 7 T* h 5 o 

25 7T*fe5o 

m 3 h»j i (o^m<oym&ia.y ? v ^cohg FaerS^jit?* 

04(2, ^J£0ij2Wi^^(DTteJtifiL7 -y h^-WHGFit^^^J:^* 
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5 

UcDik&faZ A LPMU mfiS fc"9 ©jhtf »&Jt« L t ^ 7 7 

i5!l 2 © /U = - * * m\\ t tl BSL^^mm CO H G F W. «fc t>* 

MM P - 1 mg&mJtLti&gz&TF-fy? 7XhZ> 0 

m 6 li, 3 o ^/u => ^^jn l fcikw^MBa© h g f mmmis £ xi 
^mmmt, y^^-^^muaLx^^^yhu-^m^isn^. m^^m 

10 

#^K3oV>T{£ffl£ft6 rHGFite^-J tit. HGF (HGF^V/^) 
£3§^i|gftit£^-£fif-f <, ^fr^){Cf±, Nature. 342, 440(1989), m^W, 
2777678-§-<&$B, Biochem. Biophys. Res. Commun. , 163, 967(1989) , Biochem. 
15 Biophys. Res. Commun., 172, 321 (1990) & ¥\Z.UM.<OHG F <D c D N A %'&j&<Dlm 

I-fElfcSftT^Sffc, Genbank f ©f-^^-xjctii^iit^-Sc fiEoTw 
nb©EMS^f;:g^#^&DNAg($#&PCR©7 > 7^-£ LTfflV\ 0U 
20 ^OTE^&«S^©mRNAtCMLTRT-PCRKJ^^tT9 ^<t^<b*(-J: 
9, HGFOcDNA^^n-^ym:^K'#5. ~ftb©*n--^ 

#J;UfMolecular Cloning 2nd Edt. , Cold Spring Harbor Laboratory 
Press(1989)^CDg;$:e{Ct£l,\ ^H#^ibfmiKtT9 ^ t frX'Z 5 C 

:b;:, ^pjwHGFite^iiHuieo^cojiPs^^n-r, 3sgi£ft3?>^ 

25 ^K^HGF^^K^I-pJCftffl^^-Toa^-C-fcoH^, #3P^©HGFit 
Lr^T-#6, -tt£t>h. 1) HUlE cDNAi^ h }) h t£%kW 

TTW7!) ^Xf^DNA^ 2) huISc DNAHi <? = - K^tlo^ 
?%<D7x /mmiUzttLX 1%L< Silt (&iL<liti) cDT$/&#fi 
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*iswroHGFjae^©«s*{^*iiio - ^ -eatrsE 1 ) at/ 2) odn 
aw:, «;ttfS{fc#gto£&M«36ifc, pcRfe xttattflw^y^* 

—>3 ySfti'ia^^l^SC^tl, AflsWtwttfllEMolecular . 
5 Cloning^OS**$r#%{- LTtt 5. 

^5 (gijfl&n»E¥. ae^teafc^sasstfif. ^±tt, i996 % sijmftB¥, ae^ 
^A&nmft?wn»fe. £±tt, 1997, B^ae^f&at^isae^f&jRM*^ 

Ayh^y^ . t^-.je*. 1999) „ EAT, JM*WK:tfc0i1-5. 

15 mffl^afi**?^* ^-KiHW&i-saewiafri&snfcift**.*^^^ 
20 if*«*ife>ns. 

3=fc, ^RI^wae^A&t LTfi, rtQiydfy-A (internal type 
liposome) KiSate^Afc, MftSJJ tfV— ^ (electrostatic type 
liposome) SCtSa^^Affi, H V J - y *y-A&, SkASH V J - V #V 
-Afe (HVJ-AVEy #y-Aj£) , Uir7^-^r£tea£^A&s ^-7W * 
25 ^«T?fifr fcffctCDNA^«:«l8atC^A1-a*& > naked 

- d n a <Dmmm*.m. y ^-m «t 5#Aj£^^v>-r n^o^&ic^-t 

:tD5 *>hv j - v * y-.M^ ^s-fi^-c-^bn^ y ^v-a^^dna 
& it A t > $ recoil Ji<y-A^g<bLtt yy^f 
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(Hemagglutinating virus of Japan : HV J) t £gi-&-£-£fc i><DX'fo% 0 ^ 

Khv j - y ^y-Afett^*©y ,-Ky-Afeiik«L-c, ffllWfcoitt'&ffite 

5 tt, 1996, *e^A&«gW*«flHlife, ¥±tt. 1997» J.Clin. Invest. 93, 1458- 
1464(1994), Am. J. Physiol. 271, R1212-1220 (1996) ) &4fH!$L< iB-<ibiXTVN 

Molecular Medicine, 30, 1440-1448(1993) , H^S^, 12, 1822-1826(1994) , m& 
n ' • 42, 1806-1813(1997) 12 $c CD # & T* t) , #* t < tt 

10 Circulation, 92 (Suppl. II), 479-482(1995) fcIElft©;frffi#¥tf feixS. 

fc*5HV J £ LTttZtt (ATCCiOA#"5lBl) tf#*U^ S^fttlCfiflfeO 
HVJt (#Rtf ATCC VR-907-^ ATCC VR-105fc£) fcfflV^:: 

$61-, naked-DNAOiBSiAttIt, ±IB#tfeO 5 t>*t««ft#lfe 

b<ox%%^ *-xhirimmt£ZKW<* *-x&^xh&^ft, m*.\tv 

CAGGS (Gene 108, 193-200(1991)) pBK-CMV, pcDNA3. 1, 
pZeoSV Wy^hnyWl Xh7?i?->#) t£Z<n&SL«9 
If 6ft5o 

20 B. frWyw:*^* — frfflv*&jf£- 

25 /W*, -irV*V SV40, $fcffi*£££*f /U* (HIV) ftfJDNA 
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in v i v oft. St/, t M>bfc5«O^Jl££&9aiLT#fl>-e& 
g^ft**tR»fii:*AL, *©«^rti:ite x v i v oifcasfca 

5 (BS^^^>^. 1 9 94^4^. 2 0-4 51, 3 PJIK*, 3 6 (1) , 
23-48 (199 4) , HifcE^ifFJ, 1 2 (1 5). (1 9 9 4), B*£ 

9 9), *3BWCfi» in v i v o&tf#£LV\ 

^Ra^3Wrt:1ltfttwJ:«5W»i-Swi*ST?*, tfJ;ttfiI$]ft*§#J (PBSW 
ffittu tttt**) KigtfLfcSL ^l^i:"C7-f/^-^-C*iS 

a£it*j^i4iK*»a5i:-c«fli©fiflrtSE«:J!io*.-ct)Av\ Hvj-y#y- 
wbl-c, x\*mtox-m\<^zktf*imx'hz, vegf^fgf^ 

20 -t*sffl*5o £fcEGF^£>tim@^te> HM*©«PlfarMt5; 
25 JWtt, Sfio«S*i±AjliLtt«.ftoA#*ftt'?*<, itfrfoggpM-Kfcte 
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5 z&m*-&]hffiML<D&w&m * «jfiL*»o««6©ia«jEiif{i:*tf5 wi*sta* 

#3§SScdhg Fafc^f-fcays-t-a r i <fc 9 % *SS#ittoi£]ktt£A0>A#i:: 
15 4iM4£A0>A#fc*5V>Ttt» tt*-C*)4xtf^fttt4*tBO«I»£Jl^JcW:aiO<li 

1 A%tz«)HGFmfc*t LXffol u g-|&5 OmgOiSK, *±£L<!±,ftl 0 
Xg^5mg, J: <9 L < 1**1 5 0 n g-m 5 m g OfiSfflji^g-S-irtSgft 

20 

hv j u *y-ix$iftatpffcjK 

?a— /UO 1:4.8 :20ft£-4fe) t . HGFiHH^- (100/ig) -HMG 1 (high 
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mobility group 1 nuclear protein, 2 5 u g) Z^irZ>^*®& (137/zM NaCl, 
5.4jzMKCl, 10/xM Tris-HCl; pH7. 6)200m l^ft^ U * L < L TJS*ft 

SSW (U0erg/mm 2 /sec) y V-^^ffi^i i? (HV 

5 J) ^Lt4tl0m &V*-C3 7 < C3 0#fllMJDffiLfc, WHVJ^r 
BSi*L-C. HVJ y#y-A5!«iJ&IM#Lfc, 

: fl^7 h (DM- 7 y h) ttT&Jfoh? ? K 

io hvj y #y-ivM3uro£-5-& 

y h (1S¥6EE) KttLT, >t{ll^lBiWO-^^WSrffoT, TfeSSl: 

HGFlgfttHV J — y #y— AJWPJSr, TRritJfiLfl'ftfflitwaALfc. 
15 &tai*l£ 

•*f-1Ra*»W»wJ:5^— 9"'- • K^7-"f^-^- (LDI) Srfflv^-C 
TKjfiL^^»t/c, jEfcTfcfc^3*toT&0>fiWfc* (colored 
histogram) c^i^{I£mf£iliflitit^ (perfusion ratio) fc tfc 0 

20 TKdEJfiLtt^^JfiiMfttrT^* y 7*77r#- (alp) SfefeKJ; 
##0)Jl 

jgj|7 7 KPTI&dEJllLffl<atCj3ttSHGF%m^j!H, 
25 Hl^rtfc^ Yv-fYV h~>y£&5-LXffi&L1tim$tii<Dm%.ffi : 7y h (l» 
6 EE) *5<ttJ?=^ ha-^i: LT16iiS^WIE^7y h (1#6E) CJPtLT, 



WO 01/32220 PCT/JP00/07502 

11 

y h<Di&skmiL(Dm.m^itmit. =t> b a—iutDTl&f&sky 
te^^x^yh* -;is(DTf&i&&L7 y b (Dffimfo «t <o hmm^ > b<DXh^tz 0 

z(D^\^ mmm^^xsk^m^^^xh^wM^mm^fD^tE^Hc f 

(DWL'P^£.Z>i><DXhZ>z. <t£^fCV^ e z.(Dtz£>, ffiW.mTfc&fo.? y bX 
10 ii, m^fr^ig^UX <&«9, ^IlJIljIk : fTi^S^^L^v^<^#^6i^^ (112 

£1S01J1 

15 yh (1H6E) isXmemm<DlE^yy b (1#6E) KittLr, KM*mWi 

m<D-^<Dmmw$k*'n-ox. T^M\z.m.^m^htzh\,tz 0 ±!smm<D^ 
hgfj!^ (so/xg) ^pthv j -vtfv-j±mmzTf&m.!k 

20 ^^S'J^LTto HG FSCTS^^iifci^TKiik7 y h^jfimgltfiOjnL 

Hn-yKDTKltJk7 5/ h cDifef^jl^Jt^Sr 1 0 0% ftS k . HGFif 
&^m$L5-<DmmmT%il&lh7 y b Xit 6 7 %Xh ^ HG Fit£^*&-5- Lfc 
25 ffiS^TKiJk7 K-C'ii 1 2 9 %Xfo^tz, &%:*m 3 CL/tH* (H 1 #fig) , 
*JS^J2 

mmmTfo&fiL? y H:Mt5HGFg^M(0M (II) 

•;-'r*rf£MU HG Fite^teSfcSrff ofc, 5 il^H^ y h <7)TJ&tik£|5{£ 
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<D-W&f&ZmmL. ALP^fetmfi[ffia^fc l 9 0jkf : iSc^itgJL/'Co HGF 
»£-?-*ft-£©*ficfcTR4JfiL? y 3 v hn-/KOTKdtJiL7 v Y tit 

tfcLTWitlCjkf : g:#'>&<, HGFJt€-7"iS:4-roltSfflTK*JllL9y httiMf 
fttfffjRKiWlDL-CV**:, ^^H4{C7Fi-.. 
5 ##011 2 

mM, 5 0 mM t ft 5 «fc 0 3 «0*&ift-CJg* U 24 H#|SJi8*&©iSStiK±» 
10 ©MMP- 1 ^g£rl"J£L^ 

^3-^»M©3 O^iCHGF?: 1 0 0 n g/m 1 -CflsflPLfc 

±fflf«P©MMP-l*fltt^ ^U3-^0»«tt#«l^«^«^L, HGF 
tEMfcJ: 9 MMP - 1 ©»'>^Jt* 9 t|jtoi-5 r'fcsfts** Jxfc. *tm£Hl 5 
15 i" 0 

3 

IMftfJi ilsl^Jk^^l^lS^^t, »ISt»W85l1-SlB¥H-7-ETS- 
20 1 ©mRNA*£«|}£Lfco 3 > h n— >\s<Ofo$Lm&<0 , E T S — 1 OmRNA 
ft£l 0 0%£-f6<h, HGF*^JP^Ml : rtJ5*IB«aTiiS^i'3-^(D^#lC 
«fc 9 L"CVfc« HGF^DOjnLtrtMBST-^sy ha-/W 

umAtJttsstTi^^^ic^o-cv^ (p<o.od o ^msrin 6 iZ^i- 0 

25 h D y^^P^tfc^MMP- 1 ikf : fr£B#U:?§3L 

ilSOCl^'b, iS5^3-^^#T-CillfiLl : tf^^r <9l-< <&oT^£ 
-£j&m3&j&»K$ixfco — ifi;^W3— *&#T^lh! : rt&&flSlwHGF&^ 
Jn-T-5^<b!wJ;'9. MMP-1WI1 ETS— 1 cOmRNAOSgmri^ilcHf 
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if # <d m m 
i. ^mnmmmmm^ (hgd lt-^-ts, mmm 

3. m%m$if&!k&m%i>K mmm&T&&!k&&&. m^m^msk^m^. 

6. HGFil^^-fe^y^ • "M^* (HVJ) -V #y-j»<DMmz1bZs 
15 Mo 

8. HGF&£^i LT'>fc< tt>5 Om g£fflV^ fifjfcJS 1 ~ 7 <£Wf ft 

9 . H G Fitfe^fc t h Z t Sr-^tf. iI?fittIM^.i(OMfc 

10. HGFitg^-^M&^S^r-S, 8t*«9ia<R«?f&*fto 

20 11. ff£UM£Aifiri&0gJAtf, *Sl#!ttTIBatJfiLtt«A» »S*fttiAifiLtt*MB 

1 2. isiittiitt^i^iMTMiiMitfes, iib« 

25 A»ia«Of&aife. 

14. HGFJteW^^^ • ?></W* (HVJ) -y^y-Ao^sicfc 
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1 6. HG Ffcfc^i: LX'J?ft< ki>5 On g&&5--fZ>, !»#JI9~1 5(D 

1 8. mmm&&fo.&&Bt>K mmm^Tm&^mm. mRm&AA&ttm 

1 9. «|RA1±^^A^m«ttTStAjfiLtt^A-C«><5. 8S2* 

2 0. HGFite^^-fev^-r • -?-r^ (hvj) -y^y-^<^«icfe 

5, 8f*^l 7~l 9 ^1"*uME*©ttJ8. 
10 2 1. HGFitfefi LT'>ft< H50m^^, f»*«l 7~2 0<D 
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DESCRIPTION 
GENE THERAPY FOR DIABETIC ISCHEMIC DISEASE 

5 Technical Field 

The present invention relates to a gene therapy agent and gene 
therapy method for diabetic ischemic disease utilizing a hepatocyte growth 
factor (HGF) gene. More specifically, the present invention relates 
to a method of gene therapy for diabetic ischemic disease which comprises 

10 the noninvasive administration of therapeutic agents of diabetic ischemic 
disease comprising an HGF gene as the effective ingredient or HGF gene. 

Background Art 

HGF is a protein that was first discovered as a strong growth factor 

15 for mature hepatocytes and the gene encoding it has been cloned 
(Biochem.Biophys.Res.Commun. 122, 1450 (1984); Proc .Natl .Acad. Sci .USA 
83, 6489 (1986); FEBS Letter 22, 231 (1987); Nature 342, 440 (1989); 
Proc. Natl. Acad. Sci. USA 87, 3200 (1991)). Afterwards, according to 
researches, it has been revealed that HGF does not only work for repair 

20 and regeneration of the damaged liver, as a hepatocyte regeneration factor 
in vivo, but also has an angiogenic function and plays an important role 
in treatment and prevention of ischemic disease and artery disease 
(Symp.Soc. Exp. Biol. 47cell behavior, 227-234 (1993) ; 

Proc. Natl. Acad. Sci. USA 90, 1937-1941 (1993); Circulation 97, 381-390 

25 (1998)). That is, it has been reported that upon administration of 
HGF to the rabbit lower limb ischemic model, significant angiogenesis 
is observed and improvement in blood flow, repression of blood pressure 
decrease and improvement in ischemic symptoms take place. According 
to these reports, it is believed today that HGF expresses and functions 

30 as one of the angiogenic factors. 

As stated above, HGF has various functions to begin with functions 
as angiogenic factor, and many attempts have been made to use it as a 
drug. However, the half life of HGF in blood arose as a problem. The 
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half life of HGF is as short as about 10 minutes, making it difficult 
to maintain its concentration in blood. Thus, problems arose as to how 
to deliver effective levels of HGF to the affected site. 

Generally it is common knowledge that protein preparations are 

5 mostly administered intravenously and concerning the case above of HGF 
administration for the ischemic disease model, examples of intravenous 
and intra-arterial administration are shown (Circulation 97, 381-390 
(1998)). In spite of the fact that effectiveness against ischemic 
disease or artery disease of intravenous or intra-arterial HGF 

10 administration to such animal models are revealed, specific 
administration methods, doses and so on effective for HGF are still under 
investigation. Particular effective administration methods or doses 
and such for HGF proteins are still to be determined, due to problems 
concerning its half life and delivery to the affected site described 

15 above. 

On the other hand, the rapid progress lately in molecular biology 
hasmade it possible to activate cellular function by gene transfer methods 
and various attempts have been made. Some trials have been made for 
gene therapy of the heart region. There are some methods, like the 

20 coronary dif f usional infusion method and such, reported for gene transfer 
methods but there is no case of gene transfer methods to the ischemic 
site, particularly intramuscular infusion method to the skeletal muscle 
showing effects on specific diabetic ischemic disease. 

Further, it is known that angiogenesis hardly occurs and prognosis 

25 is unfavorable in ischemic disease complicated with or caused by diabetes . 
At present, it is not known whether HGF gene administration to such diabetic 
ischemic disease is effective or not. 

Disclosure of the Invention 
30 The object of this invention is to provide therapeutic agents and 

treatment methods for diabetic ischemic disease that utilize the HGF 
gene . 

Inventors investigated to find out whether the HGF gene can be 
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adapted to diabetic ischemic disease and revealed that extremely effective 
results are obtained by administering HGF gene directly to the ischemic 
affected site. Specifically, relating to lower limb ischemic disease, 
it was found out that effective results are obtained by administering 

5 HGF gene to the lower limb layer. As mentioned above, it is known that 
angiogenesis hardly occurs and prognosis is unfavorable in ischemic 
disease complicated with or caused by diabetes . Therefore, unlike mere 
ischemic disease, it had been unknown whether the HGF gene is effective 
toward diabetic ischemic disease. This invention revealed the 

10 effectiveness of the HGF gene for diabetic ischemic disease for the first 
time. 

Since this method is a noninvasive treatment, it has the advantage 
that it is possible to administer the present gene repeatedly according 
to the condition. 

15 Thus, the outline of the' present invention is as follows: 

(1) a therapeutic agent for diabetic ischemic disease, which comprises 
hepatocyte growth factor (HGF) as the effective ingredient; 

(2) the therapeutic agent according to (1), used for administration to 
the ischemic site; 

20 (3) the therapeutic agent according to (1) or (2), wherein the diabetic 
ischemic disease is selected from the group consisting of diabetic lower 
limb ischemic disease, diabetic ischemic neuropathy or diabetic ischemic 
myocardial infarction; 

(4) the therapeutic agent according to (3) , wherein the diabetic ischemic 
25 disease is diabetic lower limb ischemic disease; 

(5) the therapeutic agent according to any of (1) to (4), used for 
administration into the muscle of the ischemic site; 

(6) the therapeutic agent according to any of (1) to (5), wherein the 
HGF gene is in the form of a Sendai virus (HVJ) -liposome; 

30 (7) the therapeutic agent according to any of (1) to (6), which is to 
be administered repeatedly as needed; 

(8) the therapeutic agent according to any of (1) to (7), wherein the 
amount of HGF gene used is at least 50 \xq; 
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(9) a method for the treatment of diabetic ischemic disease, which 
comprises the transfer of the HGF gene into human; 

(10) the method according to (9) , wherein the HGF gene is administered 
to an ischemic site; 

5 (11) the method according to (9) or (10), wherein the diabetic ischemic 
disease is selected from the group consisting of diabetic lower limb 
ischemic disease, diabetic ischemic neuropathy or diabetic, ischemic 
myocardial infarction; 

(12) the method according to (11) , wherein the diabetic ischemic disease 
10 is diabetic lower limb ischemic disease; 

(13) the method according to any of (9) to (12), wherein the HGF gene 
is administered into the muscle of ischemic site; 

(14) the method according to any of (9) to (13), wherein the HGF gene 
is in the form of a Sendai virus (HVJ) -liposome; 

15 (15) the method according to any of (9) to (14), wherein the HGF gene 
is administered repeatedly as needed; 

(16) the method according to any of (9) to (15), wherein the amount of 
HGF gene to be administered is at least 50 |ig; 

(17) use of the HGF gene for preparing therapeutic agents for diabetic 
20 ischemic disease; 

(18) the use according to (17), wherein the diabetic ischemic disease 
is selected from the group consisting of diabetic lower limb ischemic 
disease, diabetic ischemic neuropathy or diabetic ischemic myocardial 
infarction; 

25 (19) the use according to (18), wherein the diabetic ischemic disease 
is diabetic lower limb ischemic disease; 

(20) the use according to any of (17) to (19), wherein the HGF gene is 
in the form of a Sendai virus (HVJ) -liposome; and 

(21) the use according to any of (17) to (20), wherein the amount of 
30 HGF gene to be used is at least 50 jag. 

Brief Description of the Drawings 

Figure 1 is a graph showing changes in blood perfusion ratio over 
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time of the group of rats with diabetic lower limb ischemia in reference 
1 and of the control group-, in which lower limb ischemia was induced 
in normal rats. 

Figure 2 is a graph showing the internal HGF concentration in 
5 ischemic muscle of the group of rats with diabetic lower limb ischemia 
in reference 1 and of the control group, in which lower limb ischemia 
was induced in normal rats. 

Figure 3 shows the the blood perfusion ratio of the group of rats 
with diabetic lower limb ischemia in reference 1, to which HGF gene was 
10 administered or not, and of the control group, in which lower limb ischemia 
was induced in normal rats. 

Figure 4 is a graph showing the result of a comparison of the number 
of blood vessels of the group of rats with diabetic lower limb ischemia 
in reference 1, to which HGF gene was administered or not, and of the 
15 control group, in which lower limb ischemia was induced in normal rats 
by ALP (alkalinephosphatase) staining of the. skeletal muscle of the lower 
limb ischemic site. 

Figure 5 is a graph showing the MMP-1 concentration in the culture 
supernatant of the glucose added angioendothelial cell in reference 2, 
20 to which HGF was added or not, and of the control group, to which no 
glucose was added. 

Figure 6 is a graph showing the amount of mRNA of transcription 
factor which is expressed in the angioendothelial cell, of the group 
of glucose added angioendothelial cell in reference 3, to which HGF was 
25 added or not, and of the control group to which no glucose was added. 

Best Mode for Carrying out the Invention 

As used herein "HGF gene" means a gene that can express HGF 
(the HGF protein) . Specifically, cDNA of HGF described in Nature 342: 
30 440 (1989); Japanese Patent Publication No., 2777678; 
Biochem.Biophys .Res .Commun. 163: 967 (1989); and 

Biochem.Biophys .Res .Commun. 172: 321 (1990) and so on integrated into 
suitable expression vectors (non-viral vector, viral vector) described 
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below are to be mentioned. The base sequence of the cDNA encoding HGF 
gene of the present invention has been described in the above literature 
and is also registered with databases such as GenBank. Thus, based 
on such sequence information, using a suitable DNA portion as a PCR primer, 

5 it is possible to clone the cDNA of HGF, for example, by performing a 
RT-PCR reaction on mRNA derived from the liver or leukocytes. Such 
cloning can easily be performed by a person skilled in the art according 
to a basic textbook, such as Molecular Cloning 2nd Ed. , Cold Spring Harbor 
Laboratory Press (1989) . 

10 The HGF genes of the present invention are not restricted to the 

above mentioned genes but also include those genes that express proteins 
with substantially the same function as HGF. That is, the following 
genes fall under the category of the HGF gene of the present invention: 
1) DNA that hybridize to said cDNA under stringent conditions, and 2) 

15 DNA encoding proteins having amino acid sequence in which 1 or more 
(preferably a few) amino acids are substituted, deleted and/or added 
to the protein encoded by said cDNA and which encodes proteins having 
the function as HGF. Above DNAs of 1) and 2) can be readily obtained, 
for example, by site-directed mutagenesis, PCR method, ordinal 

20 hybridization method and so on . Such methods can be easily accomplished 
according to the above basic textbook. 

Subsequently, methods of gene transfer, dosage forms, doses and 
the like for use in gene therapy of the present invention are explained. 
The dosage form of a gene therapy agent comprising the above gene 

25 as the effective ingredient to be administered to patients are roughly 
classified into two groups: one is the case in which a nonviral vector 
is used, and the other is in which a viral vector is used. Methods 
for preparation and administration thereof are explained in detail in 
experimental manuals (Supplement of Experimental Medicine, Basic 

30 Technology in gene therapy, Yodosha (1996) ; Supplement of Experimental 
Medicine, Experimental Methods in Gene Introduction and Expression 
Analysis, Yodosha (1997) ; Handbook for Development and Research of Gene 
Therapy, Japan Society of Gene Therapy ed., NTS (1999)). Specifics 
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are explained below. 

A. Usage of a nonviral vector 

Using a recombinant expression vector in which the gene of interest 
has been integrated into a commonly used gene expression vector, may 

5 be used to introduce the gene of interest into cells or tissue by the 
following method etc. 

Illustrative methods of gene transfer into cellsinclude the 
lipofection method, calcium phosphate co-precipitation, method, 
DEAE-dextran method, direct DNA introduction methods using micro glass 

10 tubes, and the like. 

Regarding methods of gene transfer into the tissue, a recombinant 
expression vector may be incorporated into the cell by subjecting it 
to any of the method, such as the method of gene transfer with internal 
type liposome, method of gene introduction with electrostatic type 

15 liposome, HVJ-liposome method,' improved HVJ-liposome method (HVJ-AVE 
liposome method) , receptor-mediated gene introduction method, method 
of introducing DNA molecules together with carriers . (metal particles) 
by a particle gun, method of directly introducing naked-DNA, method of 
introduction with positively-charged polymers and the like. 

20 Among them, HVJ-liposome is a fusion product prepared by enclosing 

DNA into liposome made of lipid bilayer, which is fused to inactivated 
Sendai virus (Hemagglutinating virus of Japan: HVJ) . The HVJ-liposome 
method is characterized by a very high fusing activity with the cell 
membrane, as compared to the conventional liposome method, and is a 

25 preferred mode of introduction. For the method of preparing 
HVJ-liposome, see the literature for details (Separate volume of 
Experimental Medicine, Basic Technology in gene therapy, Yodosha (1996); 
experimental Methods in Gene Introduction and Expression Analysis, 
Yodosha (1997) ; J. Clin . Invest . 93:1458-14 64 (1994) ; Am. J. Physiol . 

30 271 :R1212-1220 (1996) ) and the like, and experimental examples described 
below for details. In particular, the Z strain (available from ATCC) 
is preferred as the HVJ strain, but other HVJ strains (for example, ATCC 
VR-907 and ATCC VR-105) may also be used. 



8 



Furthermore, the method of directly introducing naked-DNA is the 
most simple method among the methods describer above, and in this regard 
a preferred method of introduction. 

Expression vectors as used herein may be any expression vectors 
5 so long as they permit the in vivo expression of the gene of interest. 
Examples include expression vectors such as pCAGGS (Gene 
108:193-200(1991)), pBK-CMV, pcDNA3.1, pZeoSV (Invitrogen, Stratagene) 
and the like. 

B . Usage of a viral vector 

10 Representative methods that use viral vectors include those using 

viral vectors such as recombinant adenovirus, retrovirus and the like. 
More specifically, the gene of interest can be introduced into a DNA 
virus such as detoxified retrovirus, adenovirus, adeno-associated virus, 
herpesvirus, vaccinia virus, poxvirus, poliovirus, Sindbis virus, Sendai 

15 virus, SV40, human immunodeficiency virus (HIV) and the like, which is 
then infected to the cell to introduce the gene into the cell. 

Among the above viral vectors, the efficiency of infection of 
adenovirus is known to be much higher than that of other viral vectors. 
In this regard, it is preferred to use an adenovirus vector system. 

20 As methods of introducing a gene therapy agent into a patient, 

there are in vivo methods, which permit direct introduction of the gene 
therapy agent into the body, and ex vivo methods, in which certain cells 
are removed from a human, wherein the gene therapy agent is introduced 
and which are then returned into the body (Nikkei Science, April 1994 

25 issue pp. 20-24; Monthly Yakuji, 36(l):23-48 (1994); Supplement To 
Experimental Medicine 12(15) (1994); Handbook for Development and 
Research of Gene Therapy, NTS (1999)). According to the present 
invention, the in vivo method is preferred. 

Dosage forms may take various forms according to various 

30 administration regimens described above (for example, liquids) . When, 
for example, an injection containing the gene as the effective ingredient 
is to be used, said injection may be prepared by dissolving the effective 
ingredients into a standard solvent (a buffer such as PBS, physiological 
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saline, sterile water, etc.). The injection liquid may then be 
filter-sterilized with filter as needed, and then filled into sterilized 
containers . Conventional carriers and so on may be added to the injection . 
Liposomes, such as HVJ-liposome may take the form of suspensions, frozen 
5 formulations, centrif ugation-concentrated frozen formulations and the 
like . 

It is possible to use known factors having angiogenic functions, 
additionally or alone besides the HGF gene used in this invention. For 
example, it is reported that factors such as VEGF and FGF have an angiogenic 

10 function and therefore such genes can be used. Further, growth factors 
such as EGF are reported to repair cell damage in various tissues and 
thus genes encoding them can be also used. 

The diabetic ischemic disease herein includes diseases such as 
diabetic lower limb ischemic disease, diabetic ischemic neuropathy and 

15 diabetic ischemic cardiac infarction and so on, and the therapeutic agent 
of this invention can be applied to any of these diseases. Moreover, 
the therapeutic agent of this invention can be applied not only to patients 
with critical diabetic ischemic disease but also to patients with 
progressively mild symptoms. 

20 Proper methods and sites for administration adequate for the disease 

or symptom to be treated are selected for the gene therapy agent of this 
invention. As to the administration methods, parenteral administration 
methods are preferred. As a preferable administration site, the 
ischemic site can be mentioned. "Ischemic site" herein refers to the 

25 site including the affected site of ischemia and surrounding sites 
thereof. 

Specifically, it is possible to administer into the blood vessel 
or into the muscle of the ischemic site. However, administration into 
the muscle of the ischemic site is preferred. In other words, 
30 administration into the skeletal muscle of the lower limb ischemic site 
enables stimulation of angiogenesis in the affected site of ischemia . 
and improvement of bloodflow. Thereby, it enables recovery and 
normalization of the function of the ischemic site . While in cardiopathy, 




10 



such as cardiac infarction, it is possible to gain similar effect by 

administering into the cardiac muscle. 

Examples of preferred administrationmethods include, for example, 

administration by noninvasive catheter, noninvasive injector and so on. 
5 Moreover, administration methods which utilize a noninvasive catheter, 

noninvasive injector and such under the usage of echo can be mentioned. 

As a method using noninvasive catheter, for example, injecting HGF genes 

directly into the cardiac muscle from the ventricle inner space in a 

cardiopathy can be indicated. 
10 Application of the HGF gene of the present invention makes positive 

treatment for patients with diabetic ischemic disease possible. For 

example, it enables the recovery of function in patients with critical 

symptoms to whom no option, other than surgical excision of the affected 

site, is left. 

15 Dosage of the therapeutic agent of this invention varies depending 

on the symptoms of the patient but HGF genes about 1 ^ig to about 50 mg, 
preferably about 10 |ag to about 5 mg, more preferably about 50 |ig to 
about 5 mg per adult patients can be defined. 

The therapeutic agent of this invention is suited for administration 

20 once every few days or once every few weeks, and administration once 
per week is preferred. According to the therapeutic treatment of the 
invention, genes are administered noninvasively and, therefore, desired 
genes can be administered as much as the condition demands. 

The present invention will now be specifically explained with 

25 reference to the following examples. It should be noted, however, that 
the present invention is not limited by these examples in any way. 

Materials and Methods 
Preparation of HVJ-liposome agent 
30 10 mg dried lipid (a 1:4.8:2 mixture of phosphatidyl serine, 

phosphatidyl choline and cholesterol) and 200 \il balanced salt solution 
(137 jiM NaCl, 5 . 4 jiM KC1, 10 ^M Tris-HCl; pH7.6) containing HGF gene 
(100 (ig)-HMGl (high mobility group 1 nuclear protein, 25 \xg) was mixed 



and, by stirring vigorously with ultrasonication, liposomes were formed . 
Purified Sendai virus (Z strain) was irradiated with UV (110erg/mm 2 /sec) 
for 3 minutes. Liposome suspension was mixed with Sendai virus (HVJ) , 
heated at 4°C for 10 minutes, and then heated at 37 °C for 30 minutes. 
5 Free HVJ was discarded and thus obtained HVJ liposome agent. 
Experimental Animals 

Administered group: ischemic rat of diabetic rat (DM-rat) 
Control rat: ischemic rat of normal rat 
Administration method of HVJ-liposome agent 
!0 By surgically excising the femoral artery of one leg of the diabetic 

rat (6 weeks old; 6 animals per group), to which diabetes was provoked 
by interperitoneal administration of streptozotocin, ischemic state in 
the lower limb site was produced. 

HVJ-liposome preparation containing HGF gene was injected to the 

15 lower limb skeletal muscle. 

Details of examination 

After administration of the liposome preparation, the bloodflow 

of the lower limb was measured by laser Doppler imager (LDI) using laser 

scatter analysis as the index of bypass circulation formation and effects 
20 of improvement in bloodflow. The average of colored histogram of 

ischemic lower limb to that of the normal lower limb was taken as the 

perfusion ratio. 

The density of blood capillary in the lower limb ischemic site 
was measured by alkalinephosphatase (ALP) staining, and the result of 
25 diabetic lower limb ischemic rat group was compared to that of the control 
lower limb ischemic rat group. Alternatively, comparison between the 
groups to which HGF gene was administered and to which no HGF gene was 
administered was made. 

30 Reference 1 

HGF expression state in the lower limb ischemic site of the diabetic 
rat 

Ischemic state in the lower limb site was produced by surgical 




excision of the femoral artery of one leg of the diabetic rats (6 weeks 
old; 6 animals per group) , to which diabetes was provoked by 
interperitoneal administration of streptozotocin, and of normal rats 
(6 weeks old; 6 animals per group) as the control group. 

5 After one week, the perfusion ratio of the ischemic site was measured 

by laser Doppler imager. The perfusion ratio of the ischemic site or 
the diabetic lower limb ischemic rat was much lower than that of the 
control lower limb ischemic rat (see Figure 1) . 

The perfusion ratio of the lower limb was measured again 3 weeks 

10 and 5 weeks later, and the same results were obtained. That is, the 
perfusion ratio of the lower limb of the diabetic lower limb ischemic 
rat was much lower than that of the control lower limb rat (see Figure 
1) . 

The internal HGF concentration in the muscles was significantly 
15 lower in the muscles of the ischemic site of the diabetic lower limb 
ischemic rat than that of the control lower limb ischemic rat. This 
result indicates that angiogenesis in diabetes is poor due to the decrease 
of internal HGF in the muscles. Therefore, angiogenesis hardly occurs 
in diabetic lower limb ischemic rat and bypass circulation does not develop 
20 (see Figure 2) . 

Experiment 1 

Effect of HGF gene therapy against diabetic lower limb ischemic rat (I) 
Ischemic state in the lower limb site was produced by surgical 

25 excision of the femoral artery of one leg of the diabetic rats (6 weeks 
old; 6 animals per group) , to which diabetes was provoked by 
interperitoneal administration of streptozotocin. After surgical 
excision of the femoral artery, infusion of HVJ-liposome preparation 
containing HGF gene (50 jig) was injected into the muscle of the lower 

30 limb ischemic site. 

After 3 weeks, the perfusion ratio of the ischemic site was measured 
by laser Doppler imager. The perfusion ratio of the ischemic site of 
the diabetic lower limb ischemic rat, to which HGF gene was administered, 




showed significant increase compared to that of the control lower limb 
ischemic rat or that of the diabetic lower limb ischemic rat above with 
no administration. 

Taking perfusion ration of the control lower limb ischemic rat 
5 as 100%, that of the HGF gene untreated diabetic lower limb ischemic 
rat was 67% and that of the HGF administered diabetic lower limb ischemic 
rat was 129%. The results are shown in Figure 3 (see Figure 1). 

Experiment 2 

10 Effect of HGF gene therapy against diabetic lower limb ischemic rat (II) 
Diabetic lower ischemic rat and control lower limb ischemic rat 
treated as above were prepared and subjected to HGF gene therapy. 5 
weeks later., the skeletal muscle of the lower limb ischemic site was 
taken from each animal, subjected to ALP staining and the blood vessel 

15 count per unit area was compared. The blood vessel count of HGF gene 
untreated diabetic lower limb ischemic rat, was significantly smaller 
as that of the control lower limb ischemic rat, and that of the HGF 
administered diabetic lower limb ischemic rat was significantly increased. 
The results are shown in Figure 4. 

20 

Reference 2 

Influence of glucose concentration and HGF addition against MMP-1 
production of the angioendothelial cell 

The angioendothelial cells (derived fromhuman aorta) were cultured 
25 in three types of serum free medium containing glucose at a concentration 
of 0, 25 mM and 50 mM, respectively. After 24 hours of cultivation, 
the MMP-1 concentration in the supernatant of the culture media was 
measured. 

Each sample was compared to that in which 100 ng/ml of HGF was 
30 added 30 minutes before glucose addition. 

The MMP-1 concentration of the supernatant decreased significantly 
depending on the glucose concentration, and it was shown that decrease 
of MMP-1 was inhibited by HGF treatment . The results are shown in Figure 




5. 

Reference 3 

Effect of HGF against anqioendothelial cells (Changes of transcription 
5 factor ETS-1 related to angiogenesis) 

Cultivation of anigoendothelial cell was conducted as in reference 
2, and expression of mRNA of the transcription factor ETS-1 in the cell 
was detected. Taking the mRNA of ETS-1 in the control endothelial cell 
as 100 %, that of the HGF untreated angioendothelial cell decreased in 
10 a glucose dependent manner. On the other hand, HGF treated 
angioendothelial cells expressed the mRNA of ETS-1 at the same or more 
level compared to that of the control group (P<0.01) . The results are 
shown in Figure 6. 

15 As described above, angioendothelial cells under high glucose 

concentration show a decrease in MMP-1 expression, which is a matrix 
cleaving enzyme essential for angiogenesis, and show a decrease in the 
expression of mRNA of the transcription factor ETS-1, which is expressed 
and increases during angiogenesis. 

20 Consequently, it was revealed that angiogenesis hardly occurs under 

high glucose condition. On the other hand, it was shown that by adding 
HGF to the angioendothelial cell under high glucose condition, MMP-1 
expression and mRNA of ETS-1 expression increases significantly. Thus, 
it was revealed that HGF makes anigogenesis easier. 

25 

Industrial Applicability 

The therapeutic agent for diabetic ischemic disease containing 
an HGF gene as the effective ingredient improves poor angiogenesis 
specific to the affected site of diabetic ischemia with decrease in HGF 
30 expression and shows significant angiogenic effect. Therefore, it 
enables the improvement of the condition by increasing the bloodflow 
in the affected site of ischemia. Moreover, the therapeutic agent of 
this invention can be administered more than once, depending on the 
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symptoms of the patient, thereby stimulating angiogenesis . Therefore, 
according to these effects, the therapeutic agent of this invention makes 
it possible to treat diabetic lower limb ischemic disease, diabetic 
ischemic neuropathy and diabetic cardiac infarction. 
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CLAIMS 

1. A therapeutic agent for diabetic ischemic disease, which comprises 
hepatocyte growth factor (HGF) as the effective ingredient. 
5 2. The therapeutic agent according to claim 1, used for administration 
to the ischemic site. 

3. The therapeutic agent according to claim 1 or 2, wherein the diabetic 
ischemic disease is selected from the group consisting of diabetic lower 
limb ischemic disease, diabetic ischemic neuropathy or diabetic ischemic 

10 myocardial infarction. 

4. The therapeutic agent according to claim 3, wherein the diabetic 
ischemic disease is diabetic lower limb ischemic disease. 

5. The therapeutic agent according to any of claims 1 to 4, used for 
administration into the muscle of the ischemic site. 

15 6. The therapeutic agent according to any of claims 1 to 5, wherein the 
HGF gene is in the form of a Sendai virus (HVJ) -liposome . 

7. The therapeutic agent according to any of claims 1 to 6, which is 
to be administered repeatedly as needed. 

8. The therapeutic agent according to any of claims 1 to 7, wherein the 

20 amount of HGF gene used is at least 50 |ig. 

9 . Amethod for the treatment of diabetic ischemic disease, which comprises 
the transfer of the HGF gene into human. 

10. The method according to claim 9, wherein the HGF gene is administered 
to an ischemic site. 
25 11. The method according to claim 9 or 10, wherein the diabetic ischemic 
disease is selected from the group consisting of diabetic lower limb 
ischemic disease, diabetic ischemic neuropathy or diabetic ischemic 
myocardial infarction. 

12 . The method according to claim 11 , wherein the diabetic ischemic disease 
30 is diabetic lower limb ischemic disease. 

13. The method according to any of claims 9 to 12, wherein the HGF gene 
is administered into the muscle of ischemic site. 

14. The method according to any of claims 9 to 13, wherein the HGF gene 




is in the form of a Sendai virus (HVJ) -liposome. 

15. The method according to any of claims 9 to 14, wherein the HGF gene 
is administered repeatedly as needed. 

16. The method according to any of claims 9 to 15, wherein the amount 
of HGF gene to be administered is at least 50 ug. 

17. Use of the HGF gene for preparing therapeutic agents for diabetic 
ischemic disease. 

18. The use according to claim 17, wherein the diabetic ischemic disease 
is selected from the group consisting of diabetic lower limb ischemic 
disease, diabetic ischemic neuropathy or diabetic ischemic myocardial 
infarction. 

19. The use according to claim 18, wherein the diabetic ischemic disease 
is diabetic lower limb ischemic disease. 

20. The use according to any of claims 17 to 19, wherein the HGF gene 
is in the form of a Sendai virus (HVJ) -liposome . 

21. The use according to any of claims 17 to 20, wherein the amount of 
HGF gene to be used is at least 50 ug. 
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ABSTRACT 

It is possible to stimulate the angiogenesis of an ischemic site 
declined by diabetes and to recuperate ischemic disease by administering 
HGF (hepatocyte growth factor) gene to the diabetic ischemic site. 



